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INTRODUCTION 


The summaries of sea water temperatures and densities presented 
in this publication are based on observations made at locations along 
the Pacific coast of North and South America and Pacific Ocean islands 
through the year 196). The sea water temperatures and densities were 
observed primarily at tide stations which, in the United States and 
possessions, were maintained by the Coast and Geodetic Survey, often 
with the cooperation of other organizations. The data for six places 
on the California coast, namely La Jolla, Balboa, Port Hueneme, Pacific 
Grove, Southeast Farallon Island and Blunts Reef Lightship were supplied 
by the Scripps Institution of Oceanography. The data for places in Chile 
were supplied by the Departamento de Navegacién e Hidrografia, Republica 
de Chile. Other observations in Latin America were obtained through 
cooperation with the Inter American Geodetic Survey. Data for the 
Philippine Islands were supplied by the Bureau of Coast and Geodetic 
Survey of the Republic of the Philippines. For pillaces in other countries 
the Coast and Geodetic Survey derived the data from observations made by 
organizations in the particular country. 

Table 1 presents monthly means and annual means and extremes of the 
surface water temperatures and densities for each year of observation 
after 1959. Earlier observations, with the exception of certain nine- 
teenth century data, are combined in five-year groups. For each station 
at which the series: of observations covered two or more years, the follow- 
ing monthly values are presented: the mean of the monthly means, the max- 
imum observed, the mean of the monthly maxima, the mean of the monthly 
minima and the minimum observed. 

When an asterisk appears in either extreme temperature column in 
Table 1, it indicates that the extreme may have been exceeded if observa- 
tions had been available for all months in which the maximum or minimum 
normally occurs. If observations are not available for any month in 
which the yearly maximum or minimum may have occurred, the extreme has 
been omitted. For densities, the yearly extremes are from the months of. 
the year for which means are given. If they are from an incomplete year, 
they are followed by an asterisk. 

The temperature data given in degrees Celsius are based on thermom- 
eter readings made in a sample of water drawn by bucket from a foot or 
two below the surface. They can be converted to degrees Fahrenheit by 
means of Table 2. 

The density of any substance is defined as the mass per unit volume. 
The density of sea water, as observed, depends not only upon the amount 
of soluble matter’ held in solution but also upon the temperature of the 
water at the time the reading was made. It is necessary, therefore, to 
reduce the observed densities to some standard temperature in order that 
they may be comparable. In this publication the observed densities have 
been reduced to a standard temperature of 15°C (59°F). The density of 
pure water at a temperature of 15°C is taken as 0.9991. The density 
values obtained by using a hydrometer were reduced to the standard temp- 
erature by using the tables given in C&GS Special Publication No. 298. 

Densities in Table 1 are expressed in terms of the Greek letter sig- 

ma with a subscript that refers to temperature and is called a sigma-t 
(o,) value. Thus: %, = ( a, -1)1000 where pa, is the density of sea 
water at 15°C (59°F) referred to pure water at °C (39.2°F) as unity. 
For example: If sea water has a density at 15°C of 1.0268, 4, = Zone 
The actual density of the water may vary from a little less than unity 
for fresh water at a temperature other than °C to approximately 1.010 
for the heaviest sea water. 

The salinity of sea water, denoted by the symbol °/oo, is defined 
as the number of grams of salts contained in 1000 grams of sea water. 
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Table 3 gives the salinity corresponding to different values of density 
at the standard temperature of 15°C. 


The 
time the 
near the 


observations are usually made once each weekday at whatever 
observer attends the gage. At some stations situated within or 
entrance of an estuary, the temperature or density varies with 


the stage of tide or with the direction of the tidal current. It may be 
assumed that in the course of a month or more the distribution of obser- 
vations is fairly uniform over all phases of the tide. 


The 
ly means 
for many 

For 
know the 
standard 


mean temperature and density curves are derived from the month- 
given in Table 1 and show graphically the seasonal variation 
places. 

some practical uses of density data, it is more important to 
density at the temperature apt to be encountered than at the 
temperature. The graph, Sea Water Density at Various Tempera- 


tures, provides for converting density at 59°F (15°C) to density at 
other temperatures. 


The 


following Coast and Geodetic Survey publications on sea water 


temperatures, salinities and densities are also available: 
C&GS Publication 31-1, Surface Water Temperature and Salinity, 


Atlantic Coast, North and South America (Second Edition) 
1965, 55 cents. 


C&GS Special Publication No. 298, Sea Water Temperature and 


Density Reduction Tables, 1953, 25 cents. 
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*Observations for the year are incomplete; extremes are for the months shown. 
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*Observations for the year are incomplete; extremes are for the months shown. 
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1874-1876 | 6.4 - 6; -- 6.7 - Ls8— Se 9ol~ ==? L 10.1- <<l 105¢eee 
Mean 6.4 - 6. -- 6.7 = 7.8 -- 9.1 -=- 10.1. --, Gage 
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LOB 219350) 6.652187 | 609 21,0.) 7.1522.5 8.052055 -10.3S52i0.7) 1e.282n.9t 1a. eaee 
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*Observations for the year are incomplete; extremes are for the months shown. 
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1960 27.20 926.5 4! 2722625 (2766 26.55- 27.8 2657 28.1 26.6. 2853 26.8: 2oeeeome 
1961 20d 2600 27.8 2T62 (2 shoe 28.38.27 els "28.6. 27.0) =< ==ae (Sener 
1962 2723 2639 27.5 26.9 27.6 26.7. 27:9: 26:36 28.) 26.7 28.le 2607. 26 saeecous 
1963 27 el 2he0 (27.6 27.1, 2737 Sak 28a 2659.) 2855. 26.6 287 2657 Zee 
196), 2943 26.6 128.9 26.7 28.2 26.9 28/2-26.9 28.3.26.9- 27:9 2669. Of aneecone 
Mean 26.2 26.9 128.0 27.0 *28.1 26.9 2826 26.8 28.7 26.8 28.7 26.8 2623g2qen 
Maximum BO Baie Gon Se at veo 130 Hee ae oh ep cies: . Sl «.) 27ae. 30 27 at 30 27 it 
Moun) Max. | 28.07 2%63 9 28e6 27.3. 28.8 27.3. 29.3 2788 29.3 27.2 2062) 2722 29 sehen 
Mean Min. | 2706 2605 27 41(26.6 '27.3.26.6 27.8 26.5. 20.8 26.l, 28a-26s 2759p eome 
Minimum ot 26.0 \2or s26l (26° ‘26.8. 2PoO Boa 278 “2620 —27 * scores 27 eee 


*Observations for the year are incomplete; extremes are for the months shown. 
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Extremes 
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48 
Years January February March Apnil 

Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens 

°C 5 “C5 °C Og C O15 
950-1954 | 27.9 25.7 28.0 25.9 28.3 25.9 28.8 25.8 
1OB5-1959 29.1. 25.0 20.9925. 7 92921626.0 +29.1925.8 
1960 29.2. 25.0 «29. 2,252.4 Beoeoo 2563. bese >eeons 
1961 29.5 25.9 <29.6 25.9 62022725.3 acdzle2sor 
1962 28.7 25.8 28.2 25.2 226.8 25. ©2962 oped 

1963 28.6 25 “20.9 25.8. 28.6 25.5 28.9 ein: 
1964, 28.9 26-2 29.3°25.7 29. 25.8 2953.25.68 
Mean 2027-259 20.7 255% 288 25.7 28.9 25.6 
Maximum 31 26017 132 2620) = 32 Zihce Ai eel 26.9 
Mean Max. | 29.9 26.3 29.9 26.3 30.1 26.3 29.8 26.1 
Mean Min. eye SaeeO Pe7ele2hesS (276 3aek. €2769" 2hely 
Minimum Ale Wncd Sehe ~Pac0- mele BVOS5: ree. See 1 
1945-199 | 29.2 25.9 29.1 26.2 29.3 25.9 29.3 25.8 
1950-1954 | 29.1 26.9 29.2 26.9 29.3 26.6 29.2 26. 
1955-1959 | 29.1 26.8 29.1 26.6 29.1 26. 29.1 26.6 
1960 29.7 260. 29.7.26.8 AZ929R2625 o29n952687 
1961 29.0 27.2 °29.8 27.2 Pee. 5u26e6 G29 3R2655 
1962 29.2 26.8 28.9 26.7 29.3 26.5 29.6 26.5 
1963 28.8 27k 2920 27.4 26.1: 27.1 28.7 27.0 
196, 30.3 28.2 30.7 28.5 30.0 27.8 30.9 27.8 
Mean 29.2 26.9 29.3 26.9 29.3 26.6 29.3 26.6 
Maximum 35 29.6 335, $29.5) i3he s28e9 Gals 73265 
Mean \Max.(030.7- 27.7 «306592727 °3087.2765 2306627.6 
Mean Mins fei. 7 25.6 6272952526 27-952368 6286372552 
Minimum 274 “aSe A27e = 2280) 262 o7el. Bes 32260 
1961 -- (-- -- == -- -- --  -- 
1962 308.3 260 32928 25.9] 1305252660 2308392601 
1963 30.352630 29.8 25.9 *30%2326s2 0295052620 
1964, B0.272622 29.9- 2661) 2989526583 S292 9F2652 
Mean 8003 2608 2958 26.0 30.1 26.2 —30,0826.1 
Maximum Bil S26e6 e318 2666) 1325 c27%el 318 s26s5 
Mean Max. |) 31.1 26.5 31.1°26.l. 3059°26.9 31.1 26.) 
Mean Min. | 29.1 25.6 28.3 25.3 28.9 25.5 28.7 25.6 
Minimum 29 25.3 28 25.2 29 25.3 28 25.h 
1947-1949 | 29.4 25.4 29.7 25.5 29.4 25.5 30.0 25.3 
1947-1948 | -- -- 29.6 -- 29.3 -- 30.0 -- 
1950-195 | 24.8 26.1 25.2 26.2 24.8 26.4 26.0 26.4 
1955-1959 | 23.8 26.0 24.0 26.1 24.8 26.2 25.1 26.1 


“Observations for the year are incomplete; extremes are for the months shown. 
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“Observations for the year are incomplete; extremes are for the months shown. 
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52 Table 1. - Surface Water 
Means and 


Years January February March April May June July 
] Temp. Dens. ‘Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. 
"Cc OKs cy OTs see Os °C is er Of se? OES ‘cy Oe 
TRUK ISLANDS (Moen Island), 
Mean 27.8 25.5 1 2726°25.8 27.8 257" 28.2 25.6) 2856.25.27 2806) 2506" 2begreaee 
Maximum sul 2t.0 | 29 BilShe SiO Chae 32 26.3 36 2OROn 3) PAO) Si 26.8 
Mean Max. | 28892623. 28.2623 .28.7. 26.3 29.2 26. 29: 2603" 2935 26.2" 29792oun 


Mean Min. | 26.6 2.1. 26.6 25.2 26.9 24.9) 27.2 ah.2 27.6 2b.3 27.9 2G) 27iaueeu 
Minimum 25 1765-126 .. 2h.%. 126. 42069 26 od 26 20.0, 27 23.2, oe 


YAP ISLAND, 
195221953.) 26.1 25-4. 27.7 25.0 28.3°25.7. 29.3°25.8! 29.8 2k 29.723 30m 
Mean 26.1 25.4 27.7 25.0 28.3 25.7 29.3 25.8 29.8 2h. 29.7 23. 3oeeeeie 


Maximum 30 26.1029 26.1 429 26.2. 32 26.5 32 2oat, oe 25.67 (932) Alea. 
Moan, Max,,1 29.37. 25.9 29.2 26.0 $29.h 26.2 30.8,26.3. 31.k.25.k: 31.2 20-6" see 
Mean Min,] 26.7 2.6 | 26.9 23.6: (27s2 25.0) 28.6 2.69 27.8 22.6) 27.6 1951) 2bemeon 
Minimum Cte eT wel. eee ee cle. coo NOgaT. -2fe. 20.” 20 1720526 21.9 


ANGAUR ISLAND, 
LODUENGS2: | 2oIea peOsenel le teone eis, 2669N2355. 292.2159 =5 == == SS 


KOROR, KOROR ISLAND, 
194.7 -- -- 28.2 -- 28.2 -- 28.6. == -- == 20.7 == 20uGqme 


1949-1950 -- -- -- -- Ciel — 28%. <= 29.0, —— 29.4 -- 29:62 tes 
GUAM (Apra Harbor), 


1949 2c =- -~ -- -- -- -- =- * 28.52 25.7 280.7 25.6" 29a" 2gee 
1950-195. | 27.5 25.6 27.3 25.7 (27.5 25.8 27.9 25.9 28. 26.0 28.9 26.1 29:5 26.0 
1955-1959 | 26.8 25.6 26.8 25.5 27.2 25.9 27.7 26.0 28.2 26.1 28.6 26.0 28.9 25.9 

1960 2a 25.6 | 2725.9" i201 26.2 29.529 26.3' 28.9).26.10. 26.57. 25.87 2ouneeaee 

1961 20.7 26. yi 2600262 (27 eon 7). 2beor2oely 28.2-25.3 2980" 25.20 2oereaeee 

1962 27.0, 25.3 ofl 2505 -- -- 28.5.25.6 26.9 25.7 29. 25.6 2927 0aeee 

1963 POI 2640 } 27. Gvebier (2os2"26.a ~ZOSTP26N0" 26.6 25667) 29uG "25.67 298 a 25.7 

196 27.9 26.0 | 272 26.2° (274 26.0° 28.2°25.8" 2656 25.3 29/6n25.6), 29gbeceee 
Mean 27 uP 257 UAT se 22507 5 27.5 259° 26797 25.9)) 28%. 25.9. 288902559" Aor 
Maximum 29 ehee hed... co. (29. 27a BA ere 3h Cale SL Aire, Bilt 26.9 
MeaneMax. | 28.3°26<2")| 28.0" 26.1" '26:3"26.3° 26792603" 29.1 26.3" 2956°2653" 30Reeseee 
Mean Min. | 26.6 25,3 || 26.6 25.1 (26.6 25.5 27.225. 27.7.25.4, 26.125. 28.2025ee 
Minimum 2iny ZEON 26C 6eliO7 26.5 2620: 26 ele. 26 23.3: 27 7220s 27) tae 
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LGEB=195O"| 27 Je 2255) 2650" 227° .26.20 2376" 29 aoer, 3ON2 "25> 30uia25.2) 2ogsneeee 


*Observations for the year are incomplete; extremes are for the months shown. 
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54 Table 1. - Surface Water 


Means and 


Temp. Dens. : - Temp. Dens. Temp. Dens. 


°C M715 O15 O15 °C O15 °C M15 

MANILA, LUZON ISLAND, 

1960 27 8 23-3 12%e6/22.7 28.6522.0 292k 25.1 .29.8)2N.3> 29.419.6 (ego ieee 
1961 25.9 226° 27.1 22.64 26.3" 23.0 §29.3 52.9 2957 25.: 2922 2c? “2teaecen 
1962 2641 22.3° 2.8 21.6 .2667 23)’ 2821 24.3 29.6 == 430.1 23.9 GeBuimaaigee 
1963 25.6 22.2. 24.8 22.5 25.6 2366 27. 2.2 -29.2 \s= 2857/1933 S2Ge cee 
196), 26.9 22.1 25.8. <-) 26.6 == “272k “-= 229. == [2968 “== eoeamnoms 
Mean Pie 2b < 27.3 22.9 27.8 23.6, "2859 2.6 29°59 25.0 ~30.0°2h20 *20nimaomm 


8 

Maximum 31 26.8 31 26.% 32 2651 32 26.0, 32 26.8 32 27 38 26.5 
Mean Max. [26.8 25.0 .28.6-2)..8. 29.2 25.3 §30.2 25.4. 31.1 :25.8 31.2 25.3 \30e9neaer 
Mean Min. | 25.7 19.2 ; 
Minimum 23 1.0 


LEGASPI, LUZON ISLAND, 


UOW7=19U9 | 26.4. 20.5 27.6 °20.9 28.2. 21.2 230.1-21.8 . 30.9 21.) ~ 30,8°23.9 S3GhOneadro 
1950-195) | 28.1 20.0- 28.) 20.6 28.3 19.)) -29.3 20.6 29.4 20.3 929.5 2103 29.3ne2en0 
1955-1959 | 26.1 18.5 26.5 19.6 27.0 19. 28652 20.7 29.1 20.8 “29. 2173) "2esuecour 
1960 26.7 19.6 26.4 19.4% 27.8 20.8 29.) 19.6 29. 23.6 28.9 22; Meo eee 
1961 25.1 23.6 26.2 23.5 27.9 2h. -26.6523.8 29.2 24.5 29.l~2h.9 s2beteeoee 
1962 2560 2m 25.2 2266 2755 “== 28.8 23.6 29.4 23.2 29.9 2h°8 2auheeiee 
1963 2h? 227 23.9 22.6 25.7 23.5 27 24.3 26.9 24.2 .27.2 2lislinsegeceeoee 
196), 26.9 -- 25.7 -- 27.2 23.5 2iet == 28.7 24.2 29.3 2533 20.geae 
Mean 26.6 20.0 26.9 20.7 27.6 20.6 26.6 21.3 29.5 21.6 29.6 22.6 293imeeee 
Maximum 31 BSS shit 2056-30 29 32 3020), 33 29.6 3h. “2956 sa 30.2 
MeeniMex. | 25.5 23.0) 26.8 23.6 2958°23.9 30.7 2.0 31.2 2.7 3lv6.25 Ws 2G al. 
Mean Min. | 2ip.9 Uk.6 25.1 16.3 25.7 16.6 26.9 17.3, 27.8 16.1 27. 18.2 Zaeoeneme 
Minimum 23 F233 10.5 923 8.6 26 dae 7 p26 6.3) » 2h 8.6: veg 4.8 


1951-195 |. 29.802h.3 29.3 2.2 29.8 2.5 30.2 2.9 30.3 2.6 30.1. 2.6. 930. teeter 
1955-1959 (28.8 2h.) 28.6 23.8 29.0.23.9 29.6 2k 30.0 2)..1 30.6 2h.9  30.enem 
1960 29.6 2.0 «29.1 22.6 29.3,23.1 2926 2hel 929.7 2h. -29.8 2 5a eer seeume 
1961 29.4 23.4 (29.2 23.1 29.8 2.6 29.8 2.7 29.8 2.7 29.8 ali6 20, Guemee 
1962 29.5 22:6 29.6 23.1 29.6 23.8 29.1 Zieh 2927 23.5 29.6°23.0 2oeimeome 
1963 27.9 20.9 - 26.2 22.) 26.3. 2.0 27.5 2359 (28.9 2)..2 29.22.14 s2onieeeres 
196h, 28.9 23.6 28:7 23.5 29:9 2.1 29. 23.6 30.2 2.5 30:0 2.0 ~30nlmenem 
Mean 29.2 23.6 28.7 23.5 29.2.2h.1 29.6 ally 929.9: 2.3 30.1, 2.5 peoncmemee 
Maximum 32 25.6 32 26.3 32 2621.32 “26.3 .32) °26..6-- 330” 26cly Semen 
Mean Max. | 30.2 24.5 29.7 24.5 30.1 25.0 30.2 25.2 30.6 25.2 30.9 25.2 8 2501 
Moan Min. | 28.3 22.9 27.7 21.7 28.3 22.3 28.9 23. 29.2 22.7 29.0 23.5 aepbeaaed 
Minimum 26 19.6 26 18.0 2h 17.9 26 19.5 27 15.9 26 19.8 26—"¥eoen 
CEBU, CEBU ISLAND, 
V947-1949 | 26.7 2.6 27.3 25.2 27.7 25.4 29.1 25.6 29.9 25.3 30.2 21.6 2osGeene 
1950-195) | 27.6 2..5°- 27.7 25.0  28.3:25.2 29.1: 25.5 129.9 25.3 30.0 26.0 (\2058heunn 
1955-1959} 27.4. 2.7 27.6 24.9 28.1 25.3 29.0 25.5 29.8 26.6 30.2 25.7 29.Gnecem 
1960 27.7 25.6 27.1 25.7 28.3 25.6 29.0 25.8 29.8 26.0 29582508 "30rteeeme 
1961 26.2 25. 27.0: 2.2 -27-.8926.8 - 29.0525.6 629.8 25.6 . 2927), 25.6 poadoneeee 
1962 20.9 25.2 25.7%: el.6 2725, 2n.8  2059-21.5 . 29.7 25.2 - 30.18 25.20 5 co aoe 
1963 26.5 2.6 (25.8 24.8 26.5, 24.8. 26.3 2.8 29.11.2520 129.0. 250i. 20 nnmeonel 
196), Otel Aieg 26.9 2.7 27.3 2.6 28.7 25.1 29:7 25.3 "30. 25.2 Sorin eeno 


* Observations for the year are incomplete; extremes are for the months shown. 


Temperatures and Densities 55 
Extremes 
August September October November December Means Maximum Minimum 

Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. “Temp. Dens. | Temp. Dens. ||Temp. Dens. Temp. Dens. 
ET °C 15 “C M5 °C N's ‘°C Os “Cis gCO Gys SC | adie 
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56 


Years 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1947-199 
1950-1954. 
1955-1959 


1960 
1961 
1962 
1963 
196, 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


194.7-19L9 
1950-195 
1955 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1962 
1963 
196), 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1944 
1945-199 
1950-195) 
1955-1959 


1960 
1961 
1962 
1963 
1964 


*Observations for the year are incomplete; extremes are for the months shown. 
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Table 1. - Surface Water 


Means and 
June July 
Temp. Dens. Temp. Dens. 
5 “COs “C OF1s 


CEBU, CEBU ISLAND, 


25. 30.0 


Aton 32 
Zona 3009 
230% 2901 
20500 28 


25.2 25a eum 


2.02 38 26.5 
26.0 30.57 258 
23.0 2646 2am 
1.8 26 UT 


DAVAO, MINDANAO ISLAND, 
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Mean 2.3 25.9) 21.8 25. | 22.) 2528 2510 26.1: 27:0 25.5 2625 25:0 e727 Zone 


Maximum ZS) 28.4 28 28720) 136 2051 Be 2056, 82 26. 
Moan Max. | 21.3 efel 260.0 2os0.1 27.3 27<a 2oeor2telk 30 lb 26. 
Mean Min.) 19.6 2.64 18.2 2h.2°/19.3 2b26 2a. 25.50 21.d aly. 
Minimum 18 Anes 26 2a | vy, liso 9 24.2 18 21. 


26.8 32 27k 
31.0 26.0.) 305s 26ee 
2h..9 23. 2Wosveseg 
22. 23.1. 22) eae 


YPIO WW 
we 
ne) 


*Observations for the year are incomplete; extremes are for the months shown. 


Temperatures and Densities 69 
Extremes 


August September October November Maximum Minimum 


Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. . Dens. |!Temp. Dens. Temp. Dens. 
‘°C O75 °C O75 BCL, 7Ois “Cs ‘°C Os 

CANAL ZONE 

Pope enn 28.5 (2069 2778.19%6 27. 2063 Se IDE TE 

Porsucew (28.9 20.7 28.2"20.2 27.8 20.5 ZOmmlaaienr, 

eorpemeewe:) 28.7 21.4 28.6 20.0 27.9 20.3 An “U2 oa 

2oeucieO) (2058 20.7 28.6 120.5 (26.1 29-8 al NG alhy 

2oeeweees 26.3 elt2 28-2 2058 1276 17.8 AO) 1k) 5 

Bore wela COLo 20.8 2653 19.7) 27et 1957 20) 17/59 

265 j2l.5 29.1 20.5 29.3 19.9 28.1 19.1 22 16.9 

PBpeelne) 82800 20.1 2822 1953 27-7 19.9 20 16.9% 

2eeen22.0) 2656 20.29 28s 20e2 127/18 20.0 

BOMEECSAO. Bike 2355 Bil) 2323 30'% 23.6 

29ee) eBol 29.9 22.1 29.7 21.6 29.2 21.7 

Zee OES ete Loe eres Lil 26.9 17.9 

PMloncumor | lives 27.) 2251-26 13.1 20) pali2zew 

PANAMA 

PReeoee coe 2300 28d 2366.428ic2-23 1, AS” Zlo2 

POnONeBES, (2920 23/70 ‘2882 2216 2832 (22%9 23 «15.5 

2oes sem aee7 2365 28.8 22.1 == <== * 2h 20.8% 

POMS eo 12865 22. 202 Beh: 9273 22.8 LT AS 2Ose 

2oplieeeel (29.5 2255 2055 (2007 We=) (== % 27% 16.6% 
Sea 29. 22. 29). 23.0 28.7 23.2 9% 27 21.1% 

2oeNN23> (283 23.2 270s e235 27.9 22.5 -7% 27 18.6% 

2onIeear i288 23.1 28.3 2258 i284 237.0 

Been oO 9395) 125.2 32.8 25238 Bl 25.3 

Bore Zins 30.3 2.2 30.0 250 2956 2li.a 

CiINeeee 2s Clot 26.6 20. 26.7 2.5 

Commlgse "25 20.55 2h 555 25 19.9 23 15.5 

COSTA RICA 

2oromeese 28.8 22.1 26.lb Zia (26.3 21-9 AS aS\ailh 

PEOREIEON 2s 20.8 2.8) 20e 26.8 2159 AS ae) 

PEMONeIAo) Venee eles (204322103 t26.n 2ehi2 2linemeyare 

B2onomecene W29el 2038 283 imo $2853 2250 27 aha 

Zora 2255 2956 22.0 (29.2 2055 27 hoerveh 26 16.5 

CBee 2OnG 2G. 28 (283 2180) y2na8 217 XS UNS} 

Boabrelso 20.7 21.0 26. elee j27.8 21.9 

Sia eo slam 2a69 30: nese mi son. 2b. 

29.9 23.6 29.8 23.4 29.5 23.2 29.1 23.6 

Cee eine lieve aise 2720 ae 26.2 19%2 

Celoeiencor mote (26) Ans S266 Al, aaheS) 
SUR, NICARAGUA 

2ERNONeSES BORG 25.7 “298 25.2) ere oat BUS) a Zab oi 

20a0 02551) 3060 25.6% 298 25.2 (2728 25-1 

Bera SOs T2050) Bia “26.90 36mm eS 

BELO) 2fee BBe0 eral Bliee 26n0 W2e 26r9 

26 20 “2650 20 235 2259 2286 235 

Clim A2 BMS, S250 (2303) 2215. 1220 I221aN 23% ahi aS. ent eee 
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Years 


1958 


1963 
196), 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 
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1960 
1961 
1962 
1963 
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196, 


Mean 
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Mean Min. 
Minimum 
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1950-195 
1955-1959 


1960 
1961 
1962 
1963 
196k 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


*Observations for the year are incomplete; extremes are for the months shown. 
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Table 1. - Surface Water 


Means and 


July 


Temp. Dens. 
"COs 
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Extremes 
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Minimum 
Temp. Dens. 
nC Ei aCns 
26% -0.2% 
23) PIG 6 
Ay Sa} 
23 pgs 
23% 1.2% 
2 Nea 
Ox i258) 
Zn alin} 
AS USB \oal 
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Ce neaae 
Py 2266 
By 2368 
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27 19.8 
22 W361 


72 Table 1. - Surface Water 
Means and 
Years January February March April May June July 


Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. 
°C Os pe Wis fe Wis °C O75 “COs re Wis OEY 


SALINA CRUZ, 
1952-195) | 22.9 25.9 23.7 25.8 23.6 26.1 25.5 25.9 27.8 25.8 28.6 25.0 28.5 25,0 
1955-1959 | 23.4 25.1 2h.1 25.6 25.9 25.8 27.3 25.8 28.6 25.8 28.8 25.2 260eeeaen 
1960 23.6 25.6 23.1 25.8! 2303 25.9 -=- == 28.2 26.0 29/6 25.36 “Zoe 
1961 2159 25.7 23.7 25-5! 2507 2558 26.1-25.9 29.6 25.8 29.2 25.6 Baro ieee 
1962 2210 25. 25.5 25.) 2.9°25.0 2355 25.6 27.3°25.6 29.9 25.1 Bsveeaeee 
1963 23-4 25.6 21.8 25.4) 2.9 25. 27.5 25. 28.2 25.6 30.) 25.3 “Boy eee 
196, 23.2 25.5 2.7 25.6 2622 25.6 27.2 25.7 27:5 25.9 28.9 25.5 “Baap ieee 
Mean 23/1 25.6) 23.9 25.6) 2523 25.7 26.4 25.7 282 2558 ‘a0 2533 arene 
Maximum 28 27.3) 30 26.91 B94 279 28 264 Br! 273 SL! Sts Seaaeeee 
Mean Max. | 26.3 26. 27.0 26.1 2821 26.) 29.2 26.) 30.3 26.) 30.2 2630 geo gaey 
Mean Min. | 18.)) 2h..9° 20. 24.9 20.3.25.1 22.5 25.1 25.3 25.3 27.6 23.6 2 omens 
Minimum 17 2he2i 16 2a.0' 27 24.5 17 2.8 21 2.6 25 17. Gee 
ACAPULCO, 
1950-195) |-27.3 25. 27.0 25.5: 25.9 25.7 26.4 25.7 26.9 25.8 28.7 2553 29e3 eer 
1955-1959 | 27-3 25.2 26.8 25. 26.7 25.) 26.7 25.6 28.) 25.6 29.1 25.2 P97 Ban 
1960 2755 25.1, 26.8 25.) 2557 25.5 25. 25.6 25.3 2526 28.0 25.6 Sore ea 
1961 27.8 25.2 26:9 25.2 25.7°25-h 2.68 25.5 27.4 2556 (29.1 25.2 owes 
1962 26:8 25.1 26.5 25.2 23 25.4 .25.4 25.7 26:7 25-7 28.3°2520 ous 
1963 27.4 25.3 25.9 25.5 25.9 25.6 25.4 25.7 27.8 25.6 28.8 25.7 29. 25.2 
196, 2727 25.3 26.7 25.h' 26.0 25.6 26.0 25.4 2.7 25.6 27.3 25.3 2Osgenee 
Mean 27.4. 25.2, 26.8 25.4. 26.1 25.5 26.1 25.6 27.3 25-7 28.7 25.3 Agceeee 
Maximum 30° 26.1! 29- 26.7: 29° 264 30 26.3 30° 2642 Bb* Bi Sie 
Mean Max. | 28.3 25.6 28.2 25.8 27.3 25.8 27.4 25.9 28.9 26.0 30.2 26.1 30.3 25.6 
Mean Min. | 26.) 24.9 25.4 25.1 2h.5 25.3 2.3 25.3 25.2 25.1 26.7 23.3 27.8 2266 
Minimum 25 23.51 2) 24.6 22 2469 22 2.6 23 2h.3 2 19.2) (ae 
MANZANILLO, 
1953-195 | 26.9 27.0 27.5 26.2 2.1 26.0 25.2 26.2 25.1 26.2 27.4 26.1 29.1 26.5 
1955-1959 | 27.6 25.5 26.9 26.1 25.9 26.0 26.1 26.2 27.8 26.4 28.4 26.1 29.1 26.1 
1960 =e =a == ye Se Se cis, Weer So See in ees 
1961 26-4 25.6 25.5 25.8 235 2621 ‘23/2 26.2 25.7 26.1 27. 25/9 2a 
1962 26.0 25.8 2.9 26.0 ‘20.9 2642 2257 '°26.3 2.9 26.3 27-3 Bele 29s eee 
1963 26.1 26.0 =-- == 23.6'26.3 2573 26.3 26.8 26.3 28i6 26.4 ‘2gpeeee 
196), 26.3 25.7. 25.8 26.0 23.7 26.1 ‘2563 26.1. Ali.3 26.3 2555 2653 PRRs uaaee 
Mean 26.9 25.8 26.) 26.1 2h. 26.1 25.0 26.2 26.3 26.3 27.8 26.1 AZguiyaeuD 
Maximum 31; 27.9! Zl 27.5) 26> 1270 BEN 2.2 30 28 3h 27> ae 
Mean Max. |'28.2 26.5) 27.7 °26%6 26.1 2655 26.7 26.6 27.9 26.8 29/2 2638 S0lt wees 
Mean Min. | 25.6 25.0 2h.7 25.6 22.3 25.6 23.7 25.8 2h.5 25.8 26.0 25.4 27.8 25.0 
Minimum 2k 2347, 22 25.01 19° 25.1 21 252) 22° 25.2 23° 2.0 Zee 
MAZATLAN, 
1953-195 | 21.9 26.0 21.7 26.0 21.0 26.0 22.5 26.2 23.9 26.4 28.2 26.5 29.9 25.8 
1955-1959 | 22.2 26.0 20.7 26.1 21.3 26.3 22.3 26.4 25.2 26.4 28.6 26.5 29.6 25.8 
1960 == == | 19.6 260: 2059 26.6 22.2126.6 29.8 ‘a7s0 94> .=4 2Oriteaee 
1961 22.3 25.9) 23.3 25.9) 21.6 26.6 23.8 26.7 26.) 26.8 28. 26.0 So ae 
1962 217 25.9, 23.6 26.5. 17.6 26.0 19.8 25.9 23.1. 26.1 26.2 26.6 298 2eue 
1963 18.7 @b.8) 18.1 2h.l. 205 ay 2.5. 25.0 “sa oes set Fe -- -- 
196, 22.) 25.6; 20.6 26.0 19.3 26.2 ‘Alle 26.2 23.5 26.5 25.56 26.5 “==> Fee 


*Obeervations for the year are incomplete; extremes are for the months shown. 
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Extremes 


August September October November December | Means | Maximum Minimum 


Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. Temp. Dens. plese Dens. Temp. Dens. 
RO O45 ger (Cys Eo), as 1¢ Gis pe) Ons pr Gas fC) Ogg 


MEXICO 


PORES eSeceo alter, "25 25.0) ll 25.6 23103 25/58 BL Bro) AL Laie 

28,9 25.2 2950 Aira 2eio2 Anne Anse 2553) 92255) 2505 B2 Aso) ye. AlSa's 

Pomieives. “2500 Zit 282 23 2256 Bo Pee I25n6 Bale, eisOs bare eilneost 

Pomimeases 2009 250 25.2 "25.1 227 -2ln6 2p. 825-0 BIL ASGGr Wye Lehor 

PORE MeSHO) 2 Only ale He7asr eles hie 2hii6e "2356 2573 Bl. Beg “M5 .2266) 

AQmOmelnG 286 255° 2526 25.1 2.9 25.3 2252 25.7 Sil 2 ifose vals) Wes 

Pomoucimone29.6 lil. Ali.2 25.2 23.7 25.6 23.2 25.6 2 26 olh,  USe23}\5%7/ 

PERonebel N2On0 2.5 26e7 208 2 25.3 2258 25.5 

BieeeoonG Bly 126-5 BP“ TO "29 26.5 29. 27.8 Be  2\cil 

BURBS NBOne eo 29.8 25.7, 26.6 126.0 Ziel 26.3 

2756 Ohsc® 251) 2268) 2265 22570 uss) ee leg sha aks Sear ests) 

PiCeoe ree eG MG 22 = 228 wy = elie | NG L568 

MEXICO 

POROMe Ome Ino elise | 26.0) 2lu.3) 2823 25.0 Zien 2biol! 25 cil) 32 2667) 22 1S. 

Bomiecinc  29nln 2lmo, 2924 Zita, 263 27 i2e9 25a! hos) |i sub Zio 22. A5o9 

POMOEION ZO eae (29.1b 2300 2Or2e elvs6 28r2 2lp.9 Zao |[suh Zooak 423) 0 sia 

PORONe RO! e9E 23-5 2907 2ln9 26.7 2p eid 2lys9 Ales) I, Sal “ASoik 22 16.2 

BOMOMZI ON 2900 2liel 2961 2359 28.5 2.8 27.2 2521 ASLO |) Sil 2as© "22° ilS)e 7 

Bomomeltey 29.0 23.9 29.55) 2lu.3) 2856 2.8 28.2) 25.0 Qe |i sah 26q3) Ves) AS 52 

29.55 Aho? 258 Aha 2s Ahh, 2768 2550) Zool 2552 QE On|) Sib Y2O6@, 23). 20s 

28).9 Ano 2966 A2hoO 29a AGNee 2342" hiss 27x, 251k 25.0 

FimECOROMoeE E 2o.c) Bi 4 25.0 315 26.0) 30) 26.1) 0 Boal 

BOnVacoeln 207 coe 30m 25.0 29n 25. 28.8 25.6 

POMCEP BME eco NCO ineS) 22.0) 26.9 eB%6 F26rIt ins: 

Poeeeeon liu Wee Sars GB.6 2b TORS 23," 23.7 OP 62 

MEXICO 

BOMeCH eon 125)19 256 So @p—8) 2itd w= 2820 2625 joe a= Bile eos 23 ebear 

28)\9 25.6 22h 285 2359 Bhos- AseOQvenso 256 C502 | 2eO aan )|) sul tes) weal eee 
eee ORO neoa7, COmS 25.6. 20.2 2h 27.0 2oem |= “== 31% 26.1% 26% 25.0% 

COMO ERO, Soul s2bne BOnd Shel 2609 257 257 2509 126.9 25.8 || 82° 26.6 | 212377 

29).6) BEG 2955 Bxo7) 2543) 23\uly BSKO Alea, 2547 2555 25a) Cosy | beach vals). ales 

2omomesno  29an else 2952 23.8 27.7 25.2 26.9 25.6 |) == -- 31 27.2% 21% 20.6% 

POPC SOME ONG: 25.55, 29n2) 25n3) 29) 2601, 2502 26.2)| 26.7 26.0) || 31 26.9 ).2 2ley 

POMOMebeOn 20 2b 29n2) 2liion rcOrebied, 269) 25.6.) 272 25r.i/ 

ieee 26.5 St 26.55 30) 26.5230 277.0 Bly 2769) 

BORECORS) | B0nln 2560 30nd 2556) 29-2579) 27.9, 267.2 

28.18 2503 Boe 25.0) “BSah 235 2663) Zio) 2scoc2ney 

Comme oe oe ein 2060) Colm Vokes ears vad 23) 4 2210 Oy Mlor2 

MEXICO 

BOReCNCORe B0ne 25.0 ZOU 256 s2GnO26.4) 22.8 26.0 B28 278 VER 

BOM StOn 29EC) clit Zone 25h "25n3) 2 2089) 262 22m 2S Pp Lee ake 

29.5 260 2062 2551 W200 Cass) 2odi 2oq Ve255 2oos 31% 28.0% 17% 2.2 
-- -- SS Sal Meals) CSAS) MALES) 255 1 eee oe, BB eines LO) 2lie6 

BORBUCHR) BOL clison 298 25.1% Cie Cone |) U=-) b== BE Retiebt oy cay. O 
--  -- ==) Dass | 2922 2520 25.9) 25.9 23.9 25.7 31% 25.9% 17 22.6 

2559 2568 B0.0) 2a5qi Bo, Assy 2259) 2553) Alas 2501 ani 260m i) Beas 
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Years 


Mean 


Maximum 
Mean Max. 
Mean Min, 
Minimum 


1956-1959 


1960 
1961 
1962 
1963 
196), 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1950-1952 
1957-1959 


1960 
1961 
1962 
1963 
196) 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1952-1955 
1963 
196, 


Mean 


Maximum 
Mean Max. 
Mean Min. 
Minimum 


1950-195), 
1955-1959 


January 


Temp. 
°C 


19. 
20. 


Dens. 
M15 


25.8 


26.9 
26.4 
25.2 
24.0 


26.6 


25.2 
Zone 


26.6 
26.3 


26.3 
28.0 
27.0 


25.9 
2.8 


27.0 
26.3 
255 


Zong 
2652 


2655 


29.3 
27.0 
25.7 
24..6 


26.8 


26.9 
26.8 


28.8 
co 
26.2 
26.2 


26.7 
26.9 


February 


Temp. 
°C 


19.1 
15 


Dens. 
"5 


26.0 


Cileen 
26.5 
25.5 
24.1 


26.8 


25.7 
26.5 
Bene 
26.3 


26.5 


2758 
26.9 
262 
25.2 


26.9 
26.6 


25.9 
25.9 
26.0 
26.3 


26.4 


2ied 
26.9 
26.0 
25.3 


PRET 27 elt 


2308 26.8 
23} oll 
22.5 
22.4 


23303} 


29 
25.8 
MSS) 
20 


2h 
7 1 


2ifos' 


28.5 
27.9 
26.6 
25.9 


26.8 
27.0 


26.6 
26.8 
26.4 
26.6 


26.8 
28.4 
ALi: 
26.2 
asi 5, 


Noe 


* Observations for the year are incomplete; extremes are for the months shown. 
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Table 1. - Surface Water 
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76 Table 1. - Surface Water 
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* Observations for the year are incomplete; extremes are for the months shown. 
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Mean Temperature and Density Curves 


Monthly mean surface water temperatures (in degrees Celsius) and densities 


(o,,) are presented graphically to show the seasonal variation. 
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Mean Temperature and Density Curves 79 


Monthly mean surface water temperatures (in degrees Celsius) and densities 
(o,,) are presented graphically to show the seasonal variation. 
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80 Mean Temperature and Density Curves 


Monthly mean surface water temperatures (in degrees Celsius) and densities 
(o,,) are presented graphically to show the seasonal variation. 
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Mean Temperature and Density Curves 81 


Monthly mean surface water temperatures (in degrees Celsius) and densities 
( g,) are presented graphically to show the seasonal variation. 
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82 Mean Temperature and Density Curves 


Monthly mean surface water temperatures (in degrees Celsius) and densities 
( o,) are presented graphically to show the seasonal variation. 
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Table 2.—Conversion of Celsius to Fahrenheit 
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Table 3.—Corresponding Densities and Salinities 


(Density at 15°C. -- Salinity in parts per 1000) 
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Sea Water Density at Various Temperatures 


The purpose of this graph is to provide the density of sea water at any temperature apt to be encountered when 
the density at the standard temperature of 59°F (15°C) is known. To convert a density at 59°F (15°C) to density 
at another temperature, enter the graph horizontally from the left with the known density and downward from 
the top or upward from the bottom with the desired temperature; the position of the point of intersection with 
respect to the curves gives the density at the desired temperature. Interpolate between curves when necessary. 
For example, by this method, water having a density of 1.0162 at 59°F is found to have a density of 1.0124 at 
85°F. The densities are referred to the density of fresh water at 4°C (39.2°F) as unity. 
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